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MONTHLY PROGRESS REPORT THROUGH 31 OCTOBER 1966
LIFE CYCLE TESTS
TOTAL NUMBER OF PACKS IN PROGRAM: 177
' SECTION I
1. Status of original Cycling Program: The cycling program has included
cells from the following manufacturers; General Electric Company (G.E.),
Gould-National Batteries, Inc. (Gould), Sonotone Corporation (Sonotone),

and Gulton Industries, Tnc.(Gulton).

TOTAL NUMBER OF PACKS IN ORIGINAL PROGRAM: 8L

Total Number of Packs Cells Falled*
Cycled Since last Total
To Date Cycling Falled Report  To Date
NICKEL-CAIMIWM (10-tell packs)
G.E. 3.0 a.h. 12 5 7 0 L6
Gould 3.5 a.h. 12 3 9 0 63
Sonotone 5.0 &.h. 12 5 T 0 L8
Gulton 6.0 a.h. 12 2 10 0 69
TOTAL 48 15 33 0 226
NICKEI~CAIMIUM (5-cell packs)
G.E. 12 a.h. 12 6 6 0 18
Gulton 20 a.h. 12 2 10 0 35
Gould 20 a.h. 12 3 9 0 27
TOTAL 36 11 25 0 80

*¥All failure analysis results are cumulative. Total pack failures are
shown on pages 1l through 38; partial pack failures on pages 39 through 48.

2. Test Parameters:

a. General Cycling Program: .
(1) Ambient Temperature:
(a) 0° C.
(b) 25° c.
(c) ko° c.
(2) Voltage limits per pack on charges
(&) 1.55 + 0.03 volts per cell at 0° C.
(b) 1.49 £ 0.03 volts per cell at 25° C.

Enclosure (1)
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(c¢) 1.45 + 0.03 volts per cell at 40° C.
(3) Depth of Discharge:
(a) 90-minute and 3-hour orbits:
1. 15 percent and 25 percent at 0° C.
2. 25 percent and L0 percent at 25° C.
3. 15 percent and 25 percent at 40° C.
(4) Orbit Time:
(a) 90 minutes--30-minute discharge and 60-minute charge.

(b) 3 hours--30-minute discharge and 150-minute charge.

3. Capacity Tests:

a. Before cycling, each pack was given a capacity test at its respec-
tive cycling temperature. This check consisted on a c/lO charge for 16
hours followed by s 0/2 discharge to 1.0 volt per cell average. After
each 88 days of cycling, each pack was discharged immediately after the
end of the regular cycle charge period, at the c/2 rate to 1.0 volt per
cell average. The pack was then recharged at the c¢/10 rate for 16 hours
and discharged at the c/2 rate to 1.0 volt per cell average. The pack was
then recharged at the c/lO rate for 48 hours, voltage limited to the cycle
limits. Data of capacity tests is tabulated on pages 61 through 68 .

4., Data:

a. Under normal operation, complete data is scheduled to be recorded
every 32 cycles on the 90-minute and 3-hour packs.

b. The attached data sheets give end of discharge and end of charge
voltage readings for each cell on each cycle recorded.



SECTION IT

1. Status of additions to Cyecling Program: The cycling program has included
cells from the following manufacturers; General Electric Company (G.E.g,
Sonotone Corporation (Sonot one), Yardney Electric Corporation (Yardney 5
Gulton Industries, Inc. (Gulton), Delco-Remy (Delco) and The Electric Storage
Battery Company (E.S.B.).

TOTAL NUMBER OF PACKS ADDED TO THE PROGRAM: 93

Total Number of Packs Cells Failed*

Cycled Since Iast Total
A To Date Cycling Failed Report To Date
NICKEL~-CATMIUM (10-cell packs)
Gulton 3.6 a.h. SHERFEY 1 0 1 0 8
Gulton 3.6 a.h. COULOMETER 1 1 0 0 1
TOTAL 2 1 1 0 9
NICKEL-CAIMIUM (5-cell packs)
G.E. 5.0 a.h. NIMBUS 6 5 1 0 8
G.E. 12 a.h. 1 0 1 0 5
G.E. 12 a.h. 3rd Electrode L 2 2 0 2
G.E. & Gulton 6.0 a.h. COUL 1 0 1 0 8
Sonotone 3.6 a.h. 6 3 3 1 9
Sonotone 5.0 a.h. COULCMETER 1 1 0 o) 0
Sonotone 5.0 a.h. STABISTOR 8 1 7 0 25
Gulton 1.25 a.h. L L 0 0 1
Gulton 4.0 a.h. COMMERCIAL 6 L 2 0 7
Gulton 5.0 a.h. NIMBUS 6 5 1 0 5
Gulton 5.6 a.h.FOIDED SEAL L 3 1 1 4
Gulton 5.6 a.h. NONFOLDED SEAL 4 3 1 0 L
Gulton 6.0 a.h. 1 0 1 0 3
Gulton 6.0 a.h. HSI 3 1 2 0 6
Gulton 6.0 a.h. 3rd Electrode 7 i 3 0 11
Gulton 12 a.h. 6 L 2 0 8
Gulton 50 a.h. 2 0 2 0 6
TOTAL 70 Lo 30 2 112
SILVER-CADMIWM (10-cell packs)
Yardney 12 a.h. 2 0 2 0 16
Yardney 3.0 a.h. 1 1 0 0 0
TOTAL 3 1 2 0 16
SILVER-CADMIWM (5-cell packs)
Yardney 5.0 a.h. 6 2 Y 0 12
E.S.B. 8.0 a.h. 1 1 0 0 0
Yardney 12 a.h. 3 2 1 0 2
TOTAL 10 5 5 0 14

*A1l faillure analysis results are cumulative. Pack failures are shown on
pages L9 through 66.



| Total Number of Packs

Cycled

To Date Cycling Failed

SILVER-ZINC (10-cell packs)

Yardney 12 a.h. 1
Delco 25 a.h. 2
TOTAL 3

SILVER-ZINC (5-cell packs)
Delco 25 a.h. L
Delco 40 a.h. 1
TOTAL 5

*All failure analysis results are cumulative.

pages L9 through 66.

2. Test Parameters:

a. General Nickel-Cadmium Cycling Program:

(1) Ambient Temperature:
(a) 0° C.
(b) 25° C.

(e) 4o° c.

(2) Voltage limits per pack on charge:

0
0
0]

L
1
>

Cells TFailed*

Since Last
Report

Total
To Date

11
2

13

Pack failures are shown on

(a) 1.55 £+ 0.03 volts per cell at 0° C.

(b) 1.49 £ 0.03 volts per cell at 25° (.

(c) 1.45 % 0.03 volts per cell at LO° C.

(3) Depth of Discharge:

(a) 90-minute and 3-hour orbits:

;; 15 percent and 25 percent at 0° C.

3. 15 percent and 25 percent at 40° C.

(b) 2k-hour orbits:

2. 25 percent and 40 percent at 25° C.

1. 50 percent at 25° C and L0O° C.



(4) Orbit Times:
(a) 90 minutes--30-minute discharge and 60-minute charge.
(b) 3 hours--30-minute discharge and 150-minute charge.
(¢) 24 hours--l-hour discharge and 23-hour charge.

b. Nimbus Packs:

(1) Ambient Temperature:
(a) 0° cC.
(v) 25° C.
(c) 40° C.

(2) Voltage limit per pack on charge: 1.49 * 0.03 volts per cell
at each temperature.

(3) Depth of Discharge:
(a) 15 percent and 25 percent at 0° C.
(b) 25 percent and 40 percent at 25° C.
(c) 15 percent and 25 percent at 40° C.
(h) Orbit Time: 90-minutes~-30-minute discharge and 60-minute charge.
c. Third Electrode Packs (Gulton):
(1) Ambient Temperatures:
(a) 0° C.
(b) 25° ¢.
(¢) Lo° C.

(2) Voltage limits per pack on charge: None. Limit is controlled by
the third electrode voltage:

(a) 150 millivolts at 0° C.
(b) 300 willivolts at 25° C.

(¢) 300 millivolts at 40° C.
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(3) Depth of Discharge:
(a) 25 percent and 40 percent at 0° C.
(b) 25 percent and 40 percent at 25° (.
(c) 15 percent and 25 percent at 40° (.

°

(h) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.
d. Third Electrode Packs (General Electric):
(1) Ambient Temperatures:
(a) 0° cC.
(p) 25° c.
(e¢) ko° c.

(2) Voltage limit per pack on charge: None. Limit is controlled
by the third electrode voltage; 400 millivolts at all temperatures.

(3) Depth of Discharge:
(a) 25 percent and 40 percent at 0° C.
(b) 25 percent and 40 percent at 25° C.
(c) 15 percent and 25 percent at 40° C.
(4) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.
e. Stabistor Packs:
(1) Ambient Temperatures:
(a) -20° C.
(v) 0° c.
(c) 25° c.
(a) wo° c.

. (2) Voltage limits per pack on charge: None. Stabistor controls
cell voltage.

(3) Depth of Discharge:
(2) 25 percent and 40 percent at -20° C:

(b) 25 percent and 40 percent at 0° C.

6



(c) 25 percent and 4O percent at 25° C.
(d) 15 percent and 25 percent at 40O° C.
(4) orbit Time: 90 ﬁinutes--30-minute discharge and 60-minute charge.
f. Coulometer Packs:
(1) Ambient Temperature: 25° C.

(2) Voltage limit per pack on charge: None. Coulometer controls
cell voltage.

(3) Depth of Discharge:

(a) 30 percent for 5 cells (Sonotone 5 a.h.)-=-Coulometer built
by Goddard Space Flight Center.

. (b) 40 percent--coulometer built by G.E. (replaced by Gulton coul.)

L

1. 10 cells (Gulton 3.6 a.h.)

2. 11 cells (€ Gulton 6.0 a.h. and 5 3.E. 6.0 a.h.)

(4) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.
g. Sherfey Cycling Packs:
(1) Ambient Temperature: 25° C.

(2) Voltage limit per pack on charge: None. Pack cycled in the
Partially discharged state.

(3) Depth of Discharge: 4O percent at 25° C.
(4) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.
(5) Cell Type: Gulton 3.6 a.h.

(6) This type of cycling starts with the cells in a completely dis-
charged condition. Each cycle consists of a charge of 60 percent of the
cell's rated capacity followed by a discharge of 40 percent of the cell's
rated capacity. Upon completion of each fifth cycle, the cells are dis-
charged through a resistor for 90 minutes to return the cells to the
completely discharged condition for the start of the next sequence of five
cycles. In this manner, the cells operate below the 100 percent charged
state much of the time thereby preventing overcharging and buildup of
excessive gas pressure.
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Neoprene-Seal Packs: (Folded and Nonfolded)
(1) Ambient Temperatures:
(a) -20° c. |
(v) o©0° c.
(c) 25° c.
(a) Lo° c.
(2) Voltage limits per pack on charge:
(a) 1.55 + 0.03 volts per cell at -20° C.
(b) 1.55 % 0.03 volts per cell at 0° C.
(c) 1.49 £ 0.03 volts per cell at 25° C.
(d) 1.45 + 0.03 volts per cell at 40° C.
(3) Depth of Discharge: 25 percent at all temperature.
(4) Orbit Times: 90 minutes--30-minute discharge and 60-minute charge.
Silver-Cadmium Packs:
(1) Anbient Temperatures:
(a) 90-minute orbit:
(1) -20° c.
(2) o c.
(3) 25° c.
(b) 2h-hour orbit:
(1) o° c.
(2) 25° c.
(3) ho° c. |
(2) Voltage limits per pack on charge:
(a) 90-minute orbit: )

(1) 1.60 £ 0.03 volts per cell at -20° C.

(2) 1.58 & 0.03 volts per cell at 0° C.

8
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(3) 1.55 £ 0.03 volts per cell at 25° C.

(b) 2h-hour orbits: 1.50 * 0.03 volts per cell at 0° C.,
25° €., and L4O° C.

(3) Depth of Discharge:
(a) 90-minute orbit: 25 percent at all temperatures.
(b) 2h-nour orbit:
(1) 20 percent and 50 percent at 0° C.
(2) 20 percent at 25° C.
(3) 20 percent and 50 percent at 40° C.
(4) orbit Time:
(a) 90-minute--30-minute discharge and 60-minute charge.
(b) 2k-hours--1l-hour discharge and 23-hour charge.
J+ Silver-Zinc Packs:

(1) Ambient Temperature: 25° C.

(2) Voltage 1limit per pack on charge: 1.97 #* 0.03 volts per cell

at 25° C.

(3) Depth of Discharge:
(a) 3-hour orbit: 4O percent at 25° C.
(b) 24-hour orbit: 25 percent and 40 percent at 25° C.

(4) orbit Times:
(a) 3 hours--30-minute discharge and 150 minute charge.
(v) 24 hours--1-hour discharge and 23-hour charge.

k. Two Step Charge Regulator:

(1) Ambient Temperature: 25° C.

(2) Voltage 1imit per pack on charge:
(a) Upper Voitage Limit: 1.97 + 0.03 volts per cell.
(b) Low Current Limit: 0.35 amps.

(c) Overcharge Voltage Limit: 1.87 + 0.03 volts per cell.



(3) Depth of Discharge: 4O percent at 25° C.
(4) orbit Time: 2h-hour--l-hour discharge and 23-hour charge.
(5) Cell Type: Delco-Remy 25 a.h.

(6) When silver-cadmium and silver-zinc cells are put on a long
charge perlod with only a voltage limit, the cells begin to unbalance when
the pack goes into overcharge. A new method of charging cells of these
types was developed at Goddard Space Flight Center. The cell pack is charged
until 1t reaches the pack upper voltage limit. At this time, the charge
current is reduced to maintain this voltage limit. When the charge current
decreases to 350 milliamperes, the on-charge voltage limit is then reduced
to the lower pack voltage limit which is equal to the open circuit voltage:
of the cell pack. 1In this method, the pack receives no more charge until
there 1s & sufficient drop in the pack voltage to reset the pack voltage
limit to the upper value. This method prevents the cells from becoming
unbalanced during long charge periods. s

1. Silver-Cadmium Packs (Third Electorde)s \
(1) Ambient Temperature: 25° Q. \\\
(2) Voltage 1limit per pack on charge: 1.51 # 0.03\volts per cell.
(3) Depth of Discharge: 16.7%
(4) Orbit Times: 8-hour--l-hour discharge and 7-hour charge.

3. Capacity Tests:

&. Before cycling, each pack was given & capacity test at its respec-
tive cycling temperature. This check consisted of a c/lO charge for 16
hours followed by a c/2 discharge to 1.0 volt per cell average. After each
88 days of cycling, each pack was discharged immediately after the end of
the regular cycle charge period, at the ¢/2 rate to 1.0 volt per
cell average. The pack was then recharged at the c/lO rate for 16 hours
and discharged at the c/2 rate to 1.0 volt per cell average. The pack was
then recharged at the c/lO rate for 48 hours, voltage limited to the cycle
limits. Data of capacity tests is tabulated on pages 68 through Th.

h. Data:
a. Under normal operation, complete data 1s scheduled to be recorded
every 32 cycles on the 90-minute and 3-hour packs. On the 24-hour packs,

complete data is taken every eight cycles. Complete data is taken every
2Lk cycles on the 8-hour packs. '

10 -



A new pack numbering system is used in this report. 1In order to find
the new pack number which corresponds to the old number, refer to the
table that follows.

Example number l: To find pack #396 look up the last two digits 96 then
move across the page to 396 which gives 96C.

Example number 2: A number with the last two digits less than or equal to
28, look up the last two digits or add 100 to the last two digits and
look up that number in the same manner as explained in example number 1.

e

10a
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10
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O © N o W

11
12
13
1L
15
16
17
18
19
20

21

201
202 ko2
203

204

209 h09‘ 609

213
214

216

218

219

221

PACK NUMBER
TABLE
A B
23 23 |
24 24
25 25
26 26 226
er a2r  az1
28 28 228
29 29
30 30 230
3131 231
32 32 232
33 33 233
34
35 35
36 36
37T 3T 237
38 38 238
39 39 239
ko h6 240
41 41
h2 h2 2h2
43 43 243
Wh by 2bh
10b

c

338

L5 k45
46

b7 b7
48 48

R

50 50
51 51
52 52
53 53
S5k 5k
55 55
56 56
5T 5T

59 59
60 60
61 61
62 62
63 63
6l 6l

. 65 65
. 66 66

257



67

70
T1
T2
T3
Th
75
T6
(i

78

79
80
81
82
83
8l
85
86
87

Tl

T3
Th
75
T6
7
T8
79
80

82
83
8L
85
86
87

273
174
275 175
276

182

185

287

|

288 188 388

PACK NUMBER

TABLE contd.

A
89 89
90 90
91 91
92 92
93 93
94 o
95 95
96 96
97 97
98 98
99 99
100 100
101 101
102 102
103 103
10k 104
105 105
106 106
107 107
108 108
109

110 110

B

289

c

290 390

296
197
198
299
200

301

304

308

10c

396

D

111
112
113
11h
115
116
117
118
119
120
121
122
123
124
125
126
127

128

111
112
113
11k
115
116
117
118
119
120
121
122
123
124
125
126
127

128

312

315

318

322

326
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